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Abstract—SiGe/Si heterogeneous nanostructures were 
prepared by electrochemical anodization of SiGe/Si MQWs. 
Structural and optical properties of the materials were 
characterized. The origin of the photoluminescence from the 
heterogeneous nanostructures at room temperature is discussed. 
I. INTRODUCTION 
In recent years, SiGe, pure Si and pure Ge nanostructures 
[1,2] have attracted much attention due to their optoelectronic 
properties and potential applications in optical communication. 
Many methods such as pulse laser ablation [3], ion 
implantation [4], stained etch [5], electrochemical anodization 
(ECA) [6], and strain-induced Stranski–Kranstanov (SK) 
model [7] have been used to prepare Si-based nanostructures. 
Although the Si-based nanostructured materials possess good 
optical properties in visible or infrared wavelength range, the 
great challenge is remaining in further enhancing the optical 
performance because it is very difficult to control size or 
position of the nanocrystals or to attain high density of the 
nanocrystals in the structure. Up to date, there are few reports 
on porous material of multilayer heterostructures. In this work, 
we fabricate SiGe/Si heterogeneous nanostructures by ECA on 
SiGe/Si multiple quantum wells (MQWs) for the first time, 
which have a uniform size distribution and high density of 
nanocrystals. 
II. EXPERIMENTS 
The SiGe/Si heterogeneous nanostructures were fabricated 
by a two-step method (TSD). Firstly, the samples consisting of 
strained SiGe/Si multiple quantum wells were deposited on n-
type Si (001) substrate in our homemade ultra-high vacuum 
chemical vapor deposition (UHV/CVD) system with a base 
vacuum of 10-7 Pa. The films consists of 6 periods of ~7-nm-
thick Si0.87Ge0.13 layer and ~28-nm-thick Si layer alternatively 
first, and a final 160-nm-thick silicon cap layer. Subsequently, 
the anodization was performed on the MQWs using a mixture 
of 40% HF and absolute ethanol in 1:2 volume ratio. The etch 
time and current density are 8 min and ~20 mA/cm2, 
respectively. 
Double crystal X-ray diffraction (DXRD) is  used  to  
characterize the structure of the as-grown SiGe/Si MQWs.  The 
fresh surface of the as-etched sample was analysed by scanning 
electron microscope (SEM), and visible PL of the as-etched 
sample were also measured at room temperature (RT). 
III. RESULTS AND DISCUSSIONS 
A. XRD 
Fig. 1(a) shows the XRD rocking curve for the as-grown 
Si0.87Ge0.13/Si MQWs sample grown on Si (001) substrate. In 
addition to the Si (004) diffraction peak from Si substrate, the 
satellite peaks from the SiGe/Si MQWs are clearly observed up 
to the third order. And some weak secondary satellite peaks are 
also visible.  The simulated rocking curve is also shown in Fig. 
1 (b), which matches well with the experimental data in terms 
of peak position and peak intensity of each main peak. It is 
indicated that SiGe/Si MQWs with clear SiGe/Si interfaces and 
high crystalline quality could be achieved by the UHV/CVD 
system. 
B. SEM  
SEM was used to determine the surface features of the as-






Figure 1.  (a) XRD  rocking  curve (b)  simulated rocking  curve for 
Si0.87Ge0.13/Si MQWs. consisting of 6 periods of a 6.8-nm-thick Si0.87Ge0.13  
and a 28-nm-thick Si layer alternatively first, and a final 160-nm-thick silicon 
cap layer. 
of ECA SiGe/Si MQWs film. The surface is covered mostly by 
square isolated islands. The island size distribution was 
estimated from the measurement of the diameter of 510 islands 
within the white-line-box area shown in fig. 2 (a). Fig. 2 (b) 
shows the island size distribution with an average diameter of 
20.5 ± 4.3 nm. In terms of the ECA mechanism of Si [8], we 
can infer that heterogeneous nanowires or nanopillars with high 
density have been attained in our sample. 
C. Visible PL   
In fig. 3, visible PL spectra were shown for the sample 
excited by Ar+ laser of 514.5 nm in wavelength and a power of 
20mw at room temperature. A broad spectral feature was 
observed in the photon energy range of 1.6~2.1 eV with 
multiple peaks, which is significantly different from the 
characteristic spectra of porous Si (PS) [9] or porous SiGe 
alloy [10], in which there exists a single PL peak mostly. These 
peaks can be deconvoluted into 3 Gaussian line-shaped peaks, 
which are denoted as P1 (1.68 eV), P2 (1.84 eV) and P3 (2.01 
eV) respectively. P3 can be attributed to O-related defect states 
in porous layer [11], which quenches after nitrogen annealing 
at 800℃ (not shown here) .  
The energy difference between P1 and P2 is about 0.16 eV. 
Considering the fact that the strained Si0.87Ge0.13 bandgap is  
~0.12 eV smaller than that of Si [12], we can infer that P1 and 
P2 here may be stem respectively from the nanostructural SiGe 
crystal and the nanostructural Si crystal in our porous MQWs 
film.  
Moreover, It is worthy to note that the full width at half 
maximum (FWHM) of PL peaks measured from our sample is 
around 110 meV, and thus is significantly narrower than that of 
porous Si [10] or that of porous SiGe alloy [6]. This indicates a  
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Figure 2.  (a) Typical SEM top-view image of as-etched SiGe/Si MQWs 
sample, etching time 8 min, current density ~20 mA/cm2 (scale bar = 200 nm). 
(b) Histogram illustrating the island size distribution. 
very uniform size distribution of nanocrystals in our sample, 
which is in accordance with the SEM results as shown in Fig 2. 
IV.  CONCLUSIONS  
In this paper, by a TSD we prepared a novel SiGe/Si 
heterogeneous nanostructure via a combination of UHV/CVD 
technique and ECA technique. The structure and composition 
of the as-UHV/CVD grown SiGe/Si MQWs were determined 
by XRD and simulation. Surface morphology of the 
subsequently as-ECA anodized sample was characterized by 
SEM. The PL spectra of anodized sample were measured and 
the possible origins of the multi-peak PL with a narrow FWHM 
of ~110 meV in visible light were also discussed. The results 
from SEM and PL provide the evidence that SiGe/Si 
heterogeneous nanostructures could (possibly) be easily 
synthesized by our approach. The adjustable luminescence 
spectrum could thus subsequently be attainable by changing 
quantum-well structure parameters and optimizing anodization. 
It is suggested that the TSD is a promising method to obtain Si- 
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Figure 3.  Visible PL spectrum of  as-etched sample performed by Ar+ laser 
of 514.5 nm in wavelength and a power of 20mw at RT. 
based optoelectronic materials, which is compatible with the 
current Si CMOS process.  
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